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,Q  D \HDU DIWHU WKH HQG RI::,, WKDQNV WR WKH RUJDQL]DWLRQ RI DQ RFFXS\LQJ )UHQFK RIILFHU DQG RSHUD
HQWKXVLDVWRUFLWL]HQVRI%UHJHQ]WKHILUVW%UHJHQ])HVWLYDOWRRNSODFH6LQFHDWWKDWWLPHWKHFLW\RI%UHJHQ]GLGQRW
KDYHDWKHDWHU0R]DUW¶V%DVWLHQHW%DVWLHQQHZDVSHUIRUPHGDVDQLPSURYLVHGDQGTXLFNVROXWLRQRQWZRJUDYHOEDUJHV
RQWKHODNHVLGH>@2QHEDUJHFDUULHGWKHVWDJHVHWDQGWKHVHFRQGFDUULHGWKHRUFKHVWUD
7KH%UHJHQ])HVWLYDOKDVEHFRPHDQHVWDEOLVKHGLQVWLWXWLRQRI$XVWULDQFXOWXUHHYHUVLQFH<HDUDIWHU\HDUPRUHDQG
PRUHYLVLWRUVZLVKWREHDPRQJWKHDXGLHQFHRIWKHRSHUDRQWKHODNH
)RUWKLVUHDVRQLQWKHVHDVRQRILWZDVGHFLGHGWRYDU\WKHSHUIRUPDQFHVDFFRUGLQJWRDELHQQLDOUK\WKP
WKDWZRXOGDOORZWKHFRQVWUXFWLRQRIWKHLQFUHDVLQJO\FRPSOH[VWDJHVHWV3UHVHQWO\WKHRUJDQL]HUVLQYHVW(85PLOOLRQ
HYHU\VHFRQG\HDULQWKHFRQVWUXFWLRQRIWKHQHZVWDJHRQODNH&RQVWDQFH7KHVHFRVWVHQFRPSDVVWKHFRQVWUXFWLRQRI
DUHGXFHGVWDJHVHWIRULQGRRUSHUIRUPDQFHVLQWKHFDVHRIUDLQDVZHOODVWKHGLVPDQWOLQJGLVSRVDODQGUHF\FOLQJDIWHU
WKHILQDOSHUIRUPDQFH7KHIORDWLQJVWDJHRIIHUVDSSUR[LPDWHO\VHDWVDQG WKHLUXWLOL]DWLRQ WRGDWHKDVDOZD\V
EHWZHHQ7KLVOHDGVWRWKHGHGXFWLRQWKDWXSWRJXHVWVYLVLWWKHRSHUDSHUIRUPDQFHVRQWKHIORDWLQJ
VWDJHRYHUWKHWZR\HDUWHUP>@


)LJ0R]DUWµV%DVWLHQHW%DVWLHQQH%UHJHQ]HU)HVWVSLHOH
3ODQQLQJ6WDJHVIRUD6WDJH6HW
(DFKQHZVWDJHVHWUHSUHVHQWVDFKDOOHQJHIRUWKHHQWLUHWHDPZKRRIWHQKDYHWRILQGFRPSOHWHO\QHZVROXWLRQV
DFURVVYDU\LQJHQJLQHHULQJGLVFLSOLQHVZKLOVWDWWKHVDPHWLPHUHPDLQLQJZLWKLQEXGJHW7KLVPXVWDOORFFXUZLWKLQD
YHU\VWULFWVFKHGXOHDVWKHSUHPLHUHFDQQRWEHSRVWSRQHG$VDUHVXOWWKHRUJDQL]HUVRIWKH%UHJHQ])HVWLYDODVVLJQ
WKHFRQVWUXFWLRQSURFHVVDQGLWVH[HFXWLRQWRYDULRXVHQJLQHHULQJRIILFHVDQGH[HFXWLQJFRPSDQLHV,QRUGHUWRGRVR
WKHFRPSOHWHVWDJHVHWLVGLYLGHGLQWRVHSDUDWHVXESURMHFWV7KLVSURFHGXUHPDNHVLWSRVVLEOHLQWKHFDVHRIDVXSSOLHU
IDLOXUHWRVWLOOHQVXUHWKHILQDOGHOLYHU\
7KHSODQQLQJRIDVWDJHVHWEUHDNVGRZQURXJKO\LQWRIRXUVWDJHVSUHOLPLQDU\VWXGLHVPRGHOUHOHDVHSODQQLQJIRU
WKHWHQGHU¶VVXEPLVVLRQDVZHOODVWKHZRUNVKRSDQGGHWDLOHGSODQQLQJ
7KHIHVWLYDO¶VDUWLVWLFGLUHFWRUGHFLGHVZKLFKSHUIRUPDQFHZLOOWDNHSODFH7KHDUWLVWLFGLUHFWRULVDOVRUHVSRQVLEOH
WRGHVLJQDWHDGLUHFWRUDQGVWDJHGHVLJQHU7KHVHPHPEHUVRIWKHWHDPWKHQSUHVHQWWKHLUSURSRVDOVIRUWKHUHDOL]DWLRQ
RIWKHSLHFHLQWKHIRUPRIVNHWFKHVDQGVLPSOHSDSHUPRGHOV,QWKHIROORZLQJEUDLQVWRUPLQJSKDVHPHPEHUVRIWKH
VWDIIRIWKH%UHJHQ])HVWLYDODQGH[WHUQDOHQJLQHHULQJRIILFHVH[DPLQHWKHWHFKQLFDOIHDVLELOLW\RIWKHSURMHFWDVZHOO
DVSURYLGHWKHLQLWLDOFRVWHVWLPDWLRQV$WWKLVSRLQWDOOWKHGUDIWVFDQVWLOOEHGLVFDUGHGRUPRGLILHG
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8VXDOO\WKHJLYHQEXGJHWOLPLWIRUFHVWKHVWDJHGHVLJQHUVWRFRQFHQWUDWHRQWKHYLWDOVWDJHHOHPHQWV2IWHQHQRXJK
WKDQNVWRWKLVSURFHVVIDUPRUHH[SUHVVLYHVWDJHVHWVKDYHFRPHLQWREHLQJLQWKHHQG
:KHQWKHPRGHOLVUHOHDVHGWKHIHVWLYDO¶VVHQLRUPDQDJHPHQWJLYHVWKHLUVHDORIDSSURYDOWRWKHFKRLFHRIGLUHFWRU
DQGWRWKHSODQQHGVWDJHVHW7KXVDPRGHOIRUWKHVWDJHVHWLVEXLOWWRDVFDOHRI7KLVPRGHOLQFOXGHVDOOSDUWV
RIWKHVWDJHVHWLQVXFKDGHJUHHRIGHWDLOWKDWLQDGGLWLRQWRWKHIRUPHYHQWKHDUWLVWLFVSHFLILFDWLRQVDUHGHILQHGRQ
WKHVXUIDFHV
7KHFRQWUDFWRUVDUHWKHQH[SHFWHGWRSHUIRUPWKHZRUNVKRSDQGGHWDLOHGSODQQLQJXQOHVVWKH\KDYHDOUHDG\LQFOXGHG
WKLVLQWKHSODQQLQJGRFXPHQWVGXULQJWKHWHQGHU$VWKH%UHJHQ])HVWLYDOZDQWVDµWXUQNH\VWDJHVHWWLQJ¶LQRUGHUWR
DYRLG LQWHUIDFH SUREOHPV SDUW RI WKH VXSSOLHUV¶ MRE LV DOVR WR REWDLQ WKH YDULRXV DSSURYDOV RI D FLYLO HQJLQHHULQJ
FKDUDFWHU0RUHRYHUZKHQ FRQVWUXFWLQJ DW WKH DFWXDO ODNHVLGH WKH DXWKRULWLHV UHTXLUH H[WUDSURRIRI DOO VWUXFWXUDO
DQDO\VHVDFFRUGLQJWRGLIIHUHQWOHJDOUHJXODWLRQV>@>@DQGVWDQGDUGV>@>@
(QJLQHHULQJ'LVFLSOLQHV,QYROYHG
$QXPEHURIVHHPLQJO\FRQIOLFWLQJUHTXLUHPHQWVJXLGHWKHGHVLJQRIWKLVWHPSRUDU\VWDJHZKLFKILQGVLWVHOIRQ
ZDWHUWKDWUHDFKHVDQDSSUR[LPDWHGHSWKRIP,WPXVWEHDIDQWDVWLFDODSSHDUDQFHDQGEHXSWRWLPHVODUJHUWKDQ
DW\SLFDOVWDJHLQRUGHUQRWWREHGZDUIHGE\LWVQDWXUDOVXUURXQGLQJVKRZHYHULWPXVWDOVREHDVOLJKWZHLJKWDVSRVVLEOH
DVLWLVIRXQGHGRQVWHHODQGZRRGSLOHVWKDWH[WHQGLQWRWKHODNHEHGDQGLQWRDSHUPDQHQWFRQFUHWHQXFOHXVZLWKD
OLPLWHGORDGFDSDFLW\RIRQO\N1Pð2QFHGLVPDQWOHGWKHVWDJHPXVWEHIXOO\UHF\FODEOHRUUHXVDEOHEXWLWPXVW
SHUIRUPDQGZLWKVWDQGH[WUHPHVRIZHDWKHUDQGWHPSHUDWXUHIRUWZRIXOO\HDUVLQFOXGLQJWKXQGHUVWRUPVJDOHVRIXS
WRNPKVQRZORDGVRIXSWRN1PðDQGWHPSHUDWXUHVWKDWGURSWRGHJUHHV&HOVLXV,WLVDOVRLPSRUWDQWWR
WDNHLQWRDFFRXQWWKHPKHLJKWIOXFWXDWLRQLQWKHZDWHUOHYHOZKHQGHVLJQLQJWKHVWDJH
)RUWKHVHUHDVRQVWKHFUHDWLRQRIVXFKVWDJHVHWVUHPDLQVILUPO\LQWKHµVWHHOFRQVWUXFWLRQ¶GRPDLQLWFRPELQHVLQ
IDFWSUHFDVWDQGOLJKWZHLJKWFRQVWUXFWLRQVZLWKVWLIIQHVVVWUXFWXUHV>@7KHRSHQDLUVWDJHVHWVLQ%UHJHQ]DUHSUHFLVH
FLYLOHQJLQHHULQJZRUNVZKLFKKDYHWRZLWKVWDQGYDULRXVH[WUHPHZHDWKHUFRQGLWLRQV)RUWKHRSHUDWLQJVWDWHWKHZLQG
VSHHGLVOLPLWHGWRXSWRNPKGXULQJWKHRXWRIRSHUDWLRQSHULRGKRZHYHU WKHZLQGDQGVQRZORDGVDUHWREH
FRQVLGHUHGDFFRUGLQJWRWKH(XURFRGHVWDQGDUG>@$VVRRQDVWKHVWUXFWXUDOHQJLQHHUKDVSURYLGHGWKHGDWDIRUWKH
RXWRIRSHUDWLRQSRVLWLRQWKHFLW\RI%UHJHQ]UHTXLUHVWKHVWDJHVFHQHU\WREHSUHVHQWHGDVLPSUHVVLYHO\DVSRVVLEOH
HYHQEH\RQGWKH)HVWLYDOWLPHDVPDQ\WRXULVWVYLVLWWKHODNHVWDJHWKURXJKRXWWKH\HDU7KHDYDLODEOHORDGUHVHUYHV
RIVWHHOFRQVWUXFWLRQVGHWHUPLQHGWKURXJKFDOFXODWLRQXVLQJDQHODVWLFHODVWLFPHWKRGIRUWKHRSHUDWLQJVWDWHDQGD
SODVWLFSODVWLFPHWKRGIRUWKHRXWRIRSHUDWLRQSRVLWLRQDUHDSSOLHG
$OOWKHSURGXFWLRQVKDYHPRYHPHQWPHFKDQLVPVLQRUGHUWRFKDQJHWKHVHWVGXULQJWKHSHUIRUPDQFHZLWKRXWKDYLQJ
WRSDXVHWKHUHIRUHWKHVHPRYHPHQWVRXJKWWRRFFXULQDVPRRWKPDQQHUDSSHDUHDV\DQGSOD\IXODQGEHDVVLOHQWDV
SRVVLEOH7KHVH UHTXLUHPHQWV FDQEH IXOILOOHGRQO\E\SURYLGLQJ VXIILFLHQW VWLIIQHVV7KHVWDJH VHWWLQJVKDYH WREH
PRXQWHGDQGGLVPDQWOHGLQDUHODWLYHO\VKRUWWLPH7KHELJJHUSDUWVRIHYHU\QHZVWDJHVHWDUHSUHIDEULFDWHGLQWKH
VWHHOFRQVWUXFWRU¶VZRUNVKRS7KHSURGXFWLRQ¶VZRUNFDQWKHUHIRUHDOUHDG\EHLQLWLDWHGEHIRUHWKHHQGRIWKHSUHYLRXV
SOD\LQJVHDVRQ
3DUWLFXODU([DPSOHVRI6WDJH6HWWLQJV
4.1. Un ballo in maschera (1999/2000) 
$PLOHVWRQHLQWKHVWDJHGHVLJQLQ%UHJHQ]ZDVWKHVWDJHIRUWKHRSHUDUn ballo in maschera)RUWKHILUVWWLPHD
FRPSOHWH'&$'PRGHOZDVHVWDEOLVKHG)DUVXSHULRUWRIRUPHUWLPHVZLWKWKHPRGHOVWKH'&$'PRGHO
DOORZHGWKHH[DPLQDWLRQRIOLQHVRIVLJKWDQGWKHH[DFWGHILQLWLRQRIWKHJHRPHWU\$VDUHVXOWWKH'&$'PRGHO
DOVREHFDPHDQREOLJDWRU\WRROIRUWKHVWDJHGHVLJQHU(YHQWKHOLJKWGHVLJQHUVVRRQUHDOL]HGWKHDGYDQWDJHVREWDLQHG
E\XVLQJD'PRGHOSDUWLFXODUO\LQWKLVVLWXDWLRQZKHUHQRHYHQVXUIDFHZDVSUHVHQW
$FKDOOHQJHIRUWKHHQJLQHHUVLQYROYHGSURYHGWREHWKHFRQVWUXFWLRQRI³0LVWHU+LQH´ZLWKDWRWDOKHLJKWRIP
ZKHUHWKHGLDPHWHURIWKHVNXOODORQHZDVP
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
)LJ6WDJHVHWWLQJUn ballo in maschera±VNHOHWRQSKRWR%+RIPHLVWHU
:KLOVWVLPLODUWRDKXPDQVNHOHWRQLWFDQEHQRWHGWKDWERQHVIURPWKHQHFNDQGRIWKHEDFNERQHEHORZWKHULEV
DUHUHPRYHG7KHUHDVRQIRUWKLVPRGLILFDWLRQKDGEHHQWKHJHRPHWULFLQWHUSUHWDWLRQRIWKHVWDJHGHVLJQHU5LFKDUG
-RQHV
)LJ6WDJHVHWWLQJUn ballo in maschera±VWXGLHVRIOLJKWGHVLJQ
4.2. Il Trovatore (2005/2006) 
,Q WKH FDVHRI WKHRSHUD Il Trovatore WKH VHW GHVLJQHU3DXO6WHLQEHUJ DQG WKHGLUHFWRU5REHUW&DUVHQ FUHDWHG D
VSHFWDFXODUUHILQHU\PDGHRILQGXVWULDOFRPSRQHQWVLQDSRLVRQOLNHUHGFRORXUZKLFKPRYHGXQPLVWDNDEO\LQWRWKH
SUHVHQWWKHFKDUDFWHUV¶UHFNOHVVVWULYLQJIRUSRZHUZKLFKLVWKHIRFXVRIWKHZKROHRSHUD
7KHVWDJHRIIl TrovatoreUHSUHVHQWVDJDLQDPLOHVWRQHZKHQWDNLQJLQWRDFFRXQWWKHGHVLJQPDQDJHPHQW%HIRUH
WKLVSRLQWLQWLPHRQO\JHQHUDOGUDIWVZLWKSUHGLPHQVLRQVDQGURXJKPDWHULDOELOOVZHUHSUHSDUHGIRUWKHWHQGHUVWDJH
7KHZKROHZRUNVKRSGHVLJQLQFOXGLQJDOOGHWDLOGUDZLQJVKDGWREHSUHSDUHGE\WKHFRQVWUXFWLRQFRPSDQLHV7KLV
ZDVDUHDVRQZK\PDQ\FRQVWUXFWLRQFRPSDQLHVZRXOGQRWELGWKHULVNZDVWRRKLJK)RUWKHVWDJHRIIl TrovatoreD
FRPSOHWHZRUNVKRSSODQQLQJZDVGRQHSULRUWRWKHWHQGHU$VDUHVXOWRIIHUVJUHZLQQXPEHUDQGLQTXDOLW\
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$PDLQSDUWRIWKLVVWDJHVHWWLQJZDVWKHSLSHOLQHEULGJHZLWKDVSDQRIPDQGPKHLJKW&RQWUDU\WRUHDO
SLSHOLQHEULGJHVWKHHQYLURQPHQWDOORDGVZHUHWKHGRPLQDQWHOHPHQWVWRFRQVLGHUIRUWKHFRQVWUXFWLRQ7KHOLYHORDGV
SHUVRQVRQWKHDFFHVVSODWIRUPVZHUHQHDUO\QHJOLJLEOHIRUWKHGLPHQVLRQLQJRIWKHVWUXFWXUH'XHWRWKHOLJKWZHLJKW
GHVLJQVWDELOLW\DQGORFDOEXFNOLQJEHFDPHLPSRUWDQW:HGHWHUPLQHGWKHVRFDOOHGµSRVWFULWLFDOORDGLQJFDSDFLW\¶RI
WKHVKHOOVWUXFWXUHV7KHVWUXFWXUDODQDO\VLVRIWKLVFDSDFLW\ZDVSHUIRUPHGE\XVLQJ)(0IRUWKHFRPSOHWHVWUXFWXUH
7KH RFFXUULQJ GHIRUPDWLRQ DQG RVFLOODWLRQV DUH YHU\ RIWHQ VLJQLILFDQW IRU GLPHQVLRQLQJ )RU GHIRUPDWLRQ DQG
RVFLOODWLRQVDWWKHIORDWLQJVWDJHWKHIROORZLQJUXOHLVYDOLGLWVKRXOGPDWFKZLWKZKDWFDQEHH[SHFWHGIURPWUDLQHG
DFWRUVVLQJHUVDQGVWXQWV

)LJ6WDJHVHWWLQJIl TrovatoreDQGSLSHOLQHEULGJHPRGHOIRUWKHWHQGHU
4.3. Tosca (2007/2008) 
6RPXFKDWWHQWLRQDVWKDWZKLFKZDVJLYHQWRWKHFRQVWUXFWLRQRIWKHVWDJHVHWIRUWKHToscaKDGQRWEHHQJLYHQWR
DQ\RWKHURSHUDEHIRUH:LWKFHUWDLQW\WKHJUDQGLRVHGHVLJQRI-RKDQQHV/HLDFNHUSOD\HGDSDUWDKXJHH\HZLWKD
PRYLQJH\HEDOO2QWKHRWKHUKDQGWRFRLQFLGHZLWKWKHVRFFHU(XURSHDQFKDPSLRQVKLSDQGWKHILOPUHFRUGLQJVIRU
-DPHV%RQGWKHZDFVSRUWVWXGLRWRRNHYHU\HIIRUWWRHQVXUHDGGLWLRQDOPHGLDSUHVHQFH
7KHELJJHVWFKDOOHQJHLQWKHToscaVWDJHGHVLJQZDVLQSURYLGLQJWKHQHFHVVDU\VWUHQJWKWRVDIHO\PRYHWKHH\H
ZKLOHUHVSHFWLQJWKHZHLJKWOLPLWVRIWKHIRXQGDWLRQ7KHVWDJH¶VPRYLQJSDUWVZHLJKHGDERXWPHWULFWRQVZKLOH
WKHHQWLUHVWDJHDQGIRXQGDWLRQZHLJKVRQO\PHWULFWRQV$QRWKHULPSRUWDQWOLPLWDWLRQZDVWKDWHDFKFRPSRQHQW
KDGWREHPRYHGRQWRWKHVWDJHE\DFUDQHWKDWFRXOGKDQGOHRQO\DERXWWRQV7KHVPDOOEULGJHEHWZHHQWKHVWDJH
DQGWKHODQGLVOLPLWHGWRDPHUHWRQSHUVTXDUHPHWHU7KLVPHDQVWKDWLQRUGHUWRPRYHDQ\ODUJHUFRPSRQHQWWKH\
KDGWREHGLYLGHGLQWRVPDOOHUSLHFHVDQGDVVHPEOHGRQWKHVWDJHLWVHOI
)XUWKHU FKDOOHQJHV UHVXOWHG IURP WKH FRPSRQHQWV¶ PDWHULDOV 7KH H\H DQG H\HEDOO ZHUHPDGH RI D FRPSRVLWH
FRQVWUXFWLRQZLWKDVWHHOIUDPHDQGDZRRGHQRXWHUVXUIDFH7KHFRPSRVLWHFRQVWUXFWLRQLQFUHDVHGWKHFRPSOH[LW\RI
WKHDQDO\VLVVLQFHFRQQHFWLQJVWHHODQGZRRGWRJHWKHULQDVKHDUSODQHSURYLGHVDGGLWLRQDOVWLIIQHVVEH\RQGWKHVXPRI
WKHSURSHUWLHVRIWKHWZRPDWHULDOV,QDGGLWLRQWRWKHFODVVLFDODSSOLFDWLRQ¶VILHOGVRIVLPXODWLRQWHFKQRORJ\UHSUHVHQWHG
E\NLQHPDWLFDQDO\VLVRQD'&$'PRGHODQGE\G\QDPLF)(0FDOFXODWLRQVIXUWKHUVLPXODWLRQWHFKQLFVZHUHXVHG
LQWKHFUHDWLRQRIWKHVWDJHVHWRIWKHTosca. %HVLGHWKHFODVVLFDOPHWKRGIRUGHWHUPLQLQJWKHZLQGIRUFHVDFFRUGLQJWR
(1>@VLPXODWLRQVRIDLUIORZVZHUHSHUIRUPHGE\XVLQJ&RPSXWDWLRQDO)OXLG'\QDPLFV&)'
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)LJ6WDJHVHWWLQJTosca%UHJHQ])HVWLYDO%HQQR+DJOHLWQHU
7KHUHVXOWRIVXFKVLPXODWLRQLVXVHIXOLQWKDWLWDFKLHYHVGHWDLOHGLQIRUPDWLRQDERXWORFDOZLQGIRUFHVDQGDLUIORZV
XQGHUQRUPDOWKHUPDOFRQGLWLRQVZKLFKLQWXUQDIIHFWVWKHDFRXVWLFV,PSURYHPHQWVIRUWKHGLUHFWLRQRIKHDULQJFDQ
EHDFKLHYHGE\DYRLGLQJDUHDVZLWKUHODWLYHKLJKDLUIORZVDQGUHGXFLQJWKHVRXQGYROXPH

)LJ6WDJHVHWWLQJTosca±&)'VLPXODWLRQRIDLUIORZ
4.4. The Magic Flute (2013/2014) 
7KHVWDJHRI7KH0DJLF)OXWHZDVGRPLQDWHGE\WKUHHPWDOOVWHHOVFXOSWXUDOHOHPHQWVIDVKLRQHGLQWRLQGLYLGXDO
³GUDJRQGRJV´±NQRZQDV:LVGRP5HDVRQDQG1DWXUH±ZKLFKZHUHFRQQHFWHGDWWKHLUWRSZLWKIRRWEULGJHV7KH
VWDJHLWVHOIZDVDGHJUHHUHYROYLQJGRPHZLWKDGLDPHWHURIPIRXQGHGXSRQVWHHODQGZRRGSLOHVWKDW
H[WHQGHGPLQWRWKHODNHEHGDWLWVIURQWDQGRQWRWKHSHUPDQHQWFRQFUHWHFRUHDWLWVEDFN7DNLQJLWLQWRFRQVLGHUDWLRQ
DVDFRQVWUXFWLRQSURMHFWWKHGRPHUHSUHVHQWHGDFRPELQDWLRQRIDJHRPHWULFDOO\FRPSOH[FLYLOHQJLQHHULQJVWUXFWXUH
569 Gerhard Lener and Jörn Weichert /  Procedia Engineering  161 ( 2016 )  563 – 571 

ZLWK D ODUJHPDFKLQH7KH FHQWUDO FROXPQDQG URXQGSHULSKHUDO EHDP IRU WKHGRPHZHUH IDEULFDWHGZLWK VWHHO WR
VLPSOLI\WKHFRQVWUXFWLRQDQGPRYHPHQWRQWKHVWDJH7KLVPDGHVWDQGDUGFRQVWUXFWLYHVROXWLRQVSRVVLEOHZKHQGHDOLQJ
ZLWKWKHLQWHUIDFHVRIWKHPDFKLQHFRPSRQHQWVOLNHWKHODUJHGLDPHWHUDQWLIULFWLRQVOHZLQJULQJLQWKHFHQWUDOFROXPQ
DQGRIWKHZLUHGULYHXVHGWRFRQYHUWWKHURWDU\PRWLRQRQWKHURXQGSHULSKHUDOEHDP7KHGRPH¶VURWDWLRQKDGWR
RFFXUDVTXLHWO\DVSRVVLEOHEHFDXVHRIWKHPLFURSKRQHVPRXQWHGRQWKHVWDJHWKDWDPSOLILHGWKHPXVLF


)LJ7KH0DJLF)OXWH±&$'PRGHO%UHJHQ])HVWLYDO6LPRQ:LPPHU
4.5. Turandot (2015/2016) 
7KHVWDJHGHVLJQHUVRIWHQKDYHSUHFLVHLGHDVRIKRZWKHVXUIDFHVRIWKHVWDJHVHWWLQJV¶HOHPHQWVKDYHWRORRNDQG
SURYLGHPRGHOVFRQVWUXFWHGWRDVFDOHRI7KHVHPRGHOVKDYHWREHWUDQVIRUPHGLQWRDSUHFLVH&$'PRGHOLQ
RUGHUWREHDEOHWRUHFUHDWHWKHVDPHVXUIDFHVDQGWKHVWHHOVXSSRUWVWUXFWXUHXQGHUQHDWK


)LJ3KRWRRIVWDJHVHWWLQJPRGHOVFDOH%UHJHQ])HVWLYDO
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7KHFODVVLFDOGDWDFROOHFWLRQV\VWHPSHUIRUPVPHDVXUHPHQWVZLWKFDOOLSHUDQGUXOHUOHDGLQJWRWKHVXEVHTXHQW&$'
PRGHOOLQJYLDPDQXDOGDWDHQWU\7KLVSURFHVVLVH[WUHPHO\WLPHFRQVXPLQJDQGRIWHQWRRQRSUHFLVHZKHQGHDOLQJ
ZLWKFRPSOH[VFXOSWXUHV,QWKHFDVHRIWKHPRGHOVWDWXHIRUWKHVWDJHVHWRITurandotWKHVWDWXHVZHUHVFDQQHG
ZLWKDKLJKSUHFLVLRQ'ODVHU7KHVFDQQHGGDWDZDVWKHQFRQYHUWHGLQWRD&$'PRGHO&K\ED1HQDãLHOVDåLDGHQ
]GURMRGND]RYVKRZVWKHODVHUVFDQQHUWKDWZDVXVHGDQGDVDQH[DPSOHIRUWKHUHVXOWLQJ'&$'PRGHODZDUULRU
RIWKHWHUUDFRWWDDUP\

D E
)LJD/DVHU6FDQ6\VWHPE&RQYHUWHG&$'PRGHO
%UHJHQ]2SHQ$FRXVWLFV
(YHQWKHPRVWEHDXWLIXODQGPRVWFRPSOH[VWDJHGHVLJQFDQRQO\DFFRXQWIRURQHDVSHFWRIWKHSHUIRUPDQFH7KH
PRVWLPSRUWDQWSDUWRIDQRSHUDLVQDWXUDOO\WKHPXVLF(QJLQHHUVIURPWKH%UHJHQ])HVWLYDOKDYHGHYHORSHGWKHLURZQ
V\VWHPNQRZQDVWKH%2$%UHJHQ]2SHQ$FRXVWLFVLQFRRSHUDWLRQZLWKWKH)UDXQKRIHU,QVWLWXWH>@

)LJ%UHJHQ]2SHQ$FRXVWLFV%2$
7KLVV\VWHPFUHDWHVDUHYROXWLRQDU\VRXQGH[SHULHQFHIRULWVDXGLHQFH7KHUHVXOWLVDIDUVXSHULRUVRXQGWKDQWKH
RQHDQ\W\SLFDOVXUURXQGV\VWHPWHFKQRORJ\FRXOGSURGXFH%\PHDQVRIZDYHILHOGV\QWKHVLVWKHHQWLUHDXGLWRULXP
LVLPPHUVHGLQWRDµFDWKHGUDORIVRXQG¶7KH%2$DOORZVIRUDVHQVDWLRQRISUHFLVHGLUHFWLRQDOKHDULQJDFFRPSDQLHG
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ZLWKPXVLFRIVWXGLROLNHTXDOLW\%2$UHTXLUHVDSSUR[LPDWHO\ORXGVSHDNHUVWREHLQVWDOOHGZKLFKVXUURXQGWKH
FRPSOHWH DXGLWRULXP(YHU\ ORXGVSHDNHU QHHGV LWV RZQ LQGHSHQGHQW FRQWURO VLJQDOVZKLFK DUH GLIIHUHQW IRU HDFK
ORXGVSHDNHU7KDQNVWRWKLVDZDUGZLQQLQJDFRXVWLFV\VWHPWKHRUFKHVWUDGRHVQRWSOD\RQWKHVWDJHDQ\PRUHEXWLQ
WKHIHVWLYDOKDOO7KHPXVLF LV WUDQVPLWWHGYLD ORXGVSHDNHUVDQG WKHFRQGXFWRU¶V LQVWUXFWLRQVFDQEHIROORZHGRQD
VFUHHQLQWKHRSHQDLUDUHQD
&RQFOXVLRQV
8SWRDIHZ\HDUVDJRWKHGLUHFWRUWKHVWDJHGHVLJQHUDQGVSHFLDOL]HGFUDIWVPHQZHUHWKHRQO\SHUVRQVUHVSRQVLEOH
IRUWKHFUHDWLRQRIRSHQDLUVWDJHVHWWLQJVIRUWKH%UHJHQ])HVWLYDO1RZDGD\VWKHFRQVWUXFWLRQRIPRGHUQRSHQDLU
VWDJHVLVDPXOWLGLVFLSOLQDU\RHXYUH
,QWKHHDUO\VWDJHVEHIRUHWKHGHILQLWLYHSHUIRUPDQFHLVIL[HGE\WKHGLUHFWRUWKHFRPSOHWLRQRID'PRGHOZKHUH
HYHU\VFHQHFDQEHSOD\HGRQHDIWHUWKHRWKHUOLNHLQDILOPWDNHVSODFHDVVWDQGDUG$WWKLVSRLQWVLJQLILFDQWFKDQJHV
RIWKHZKROHSURGXFWLRQFDQVWLOORFFXU6LPXOWDQHRXVO\WKHFRVWVIRUWKHVWDJHVHWDUHNHSWXQGHUVFUXWLQ\
%HFDXVHRI WKHQXPHURXVHIIHFWV DQGPRYHPHQWV D VWDJH VHW FRQVWLWXWHV D VWDWLF FRQVWUXFWLRQ$PRGHUQ VWDJH
VHWWLQJFDQDOVREHFRPSDUHGPRVWUHDGLO\ZLWKDPHFKDWURQLFV\VWHP&RQVHTXHQWO\WKHSODQQLQJRIDQRSHQDLUVWDJH
UHTXLUHVDFORVHFROODERUDWLRQEHWZHHQVWDJHGHVLJQHUVWUXFWXUDOPHFKDQLFDODQGFRQWUROHQJLQHHUVFRPSXWHUVFLHQWLVW
OLJKWDQGDFRXVWLFGHVLJQHUHWFLQRUGHUWRFUHDWHDFRPSUHKHQVLYHVLPXODWLRQPRGHO7KLVVLPXODWLRQPRGHOGRHVQRW
WKXVXQGHUJRWKHOLPLWDWLRQVRID'JHRPHWU\UHSUHVHQWDWLRQEXWFRPSULVHVDOVRWKHGDWDIRUWKHVWUXFWXUDOHQJLQHHUV
)(0PRGHO WKHPHFKDQLF V\VWHPV DQG HOHPHQWV RI WKH FRQWURO V\VWHPV ,W VHUYHV LQ WKH HQG DV EDVLV IRU WKH
LPSOHPHQWDWLRQ IURP WKH SDUW RI WKH H[HFXWLYH FRPSDQLHV VWHHO DQG ZRRG FRPSDQLHV PHFKDQLFDO HQJLQHHULQJ
FRPSDQLHVDVZHOODVH[HFXWRUVRIWKHPDQDJHPHQWDQGV\VWHPFRQWUROWHFKQRORJ\
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQNWKH%UHJHQ]HU)HVWVSLHOH*PE+IRUSURYLGLQJWKHSKRWRVXVHGLQWKLVSDSHU
5HIHUHQFHV
>@ %UHJHQ]HU)HVWVSLHOH*PE+2QOLQH$UFKLYKWWSFKURQLNEUHJHQ]HUIHVWVSLHOHFRP
>@ $5HQQHU%UHJHQ]HU)HVSLHOH*PE+$EWHLOXQJ.RPPXQLNDWLRQ
>@ %XQGHVUHFKWNRQVROLGLHUW*HVDPWH5HFKWVYRUVFKULIWIU$OOJHPHLQH$UEHLWQHKPHUVFKXW]YHURUGQXQJLQGHUDNWXHOOHQ)DVVXQJ
KWWSVZZZULVENDJYDW
>@ %XQGHVUHFKWNRQVROLGLHUW*HVDPWH5HFKWVYRUVFKULIWIU0DVFKLQHQ6LFKHUKHLWVYHURUGXQJLQGHUDNWXHOOHQ)DVVXQJ
KWWSVZZZULVENDJYDW
>@ gVWHUUHLFKLVFKHV1RUPXQJVLQVWLWXWg125007HLOELV0DVFKLQHOOHEKQHQWHFKQLVFKH(LQULFKWXQJHQ
>@ gVWHUUHLFKLVFKHV1RUPXQJVLQVWLWXW215(XURFRGHV±$SSOLFDWLRQVLQ$XVWULD
>@ */HQHU*-:HLFKHUW6WDKOEDXIUGLH.XQVW±%KQHQELOGHUGHU%UHJHQ]HU)HVWVSLHOH6WDKOEDXSS
>@ (1(XURFRGH$FWLRQVRQVWUXFWXUHV3DUW*HQHUDODFWLRQV:LQGDFWLRQVFRQVROLGDWHGYHUVLRQ(XURSHDQ&RPPLWWHHIRU
6WDQGDUGL]DWLRQ&(1%UXVVHO1RYHPEHU
>@ .%UDQGHQEXUJ6%UL[DQG76SRUHU:DYH)LHOG6\QWKHVLV'79&RQIHUHQFH7KH7UXH9LVLRQ&DSWXUH7UDQVPLVVLRQDQG
'LVSOD\RI'9LGHR3RWVGDPSS

